The environmental health of aquatic ecosystems is critical to society, yet traditional assessments 23 of water quality have limited utility for some bodies of water such as large rivers. Sequencing of 24 environmental DNA (eDNA) has the potential to complement if not replace traditional sampling 25 of biotic assemblages for the purposes of reconstructing aquatic assemblages and, by proxy, 26 assessing water quality. Despite this potential, there has been little testing of the ability of eDNA 27 to reconstruct assemblages and their absolute and relative utility to infer water quality metrics. 28
Here, we reconstruct phytoplankton communities by amplifying and sequencing DNA from a 29 portion of the 23S rRNA region from filtered water samples along a 2900-km transect in the 30 Mississippi River. Across the entire length, diatoms dominated the assemblage (72.6%) followed 31 by cryptophytes (8.7%) and cyanobacteria (7.0%). There were no general trends in the 32 abundances of these major taxa along the length of the river, but individual taxon abundance 33 peaked in different regions. For example, the abundance of taxa genetically similar to Melosira 34 tropica peaked at approximately 60% of all reads 2750 km upstream from the Gulf of Mexico, 35 while taxa similar to Skeletonema marinoi began to increase below the confluence with the 36 Missouri River until it reached approximately 30% of the reads at the Gulf of Mexico. There 37 were four main clusters of samples based on phytoplankton abundance, two above the 38 confluence with the Missouri and two below. Phytoplankton abundance was a poor predictor of 39 NH 4 + concentrations in the water, but predicted 61% and 80% of the variation in observed NO 3 -40 and PO 4 3concentrations, respectively. Phytoplankton richness increased with increasing 41 distance along the river, but was best explained by phosphate concentrations and water clarity. 42
Along the Mississippi transect, there was similar structure to phytoplankton and bacterial 43 assemblages, indicating that the two sets of organisms are responding to similar environmental 44 factors. In all, the research here demonstrates the potential utility of metabarcoding for 45 reconstructing aquatic assemblages, which might aid in conducting water quality assessments. 46 these data, we examined the patterns of phytoplankton assemblages along the length of the river 101 to determine how the structure and richness of these assemblages changed along the length of the 102 river. As a first test, we compared relationships between the abundance of 23S OTUs and 103 nutrient concentrations in the water. Next, to assess whether the factors structuring 104 phytoplankton were similar to those structuring bacterial assemblages, we compared assemblage 105 structure of 23S and bacterial 16S rRNA gene (hereafter, 16S) OTUs from a previous set of Mastermix, forward and reverse primers, gDNA, and DNase/RNase-free H 2 O. After an initial 3-129 minute period at 94°C, DNA was PCR amplified for 40 cycles at 94°C (30 seconds), 55°C (45 130 seconds) and 72°C (60 seconds), followed by 10 minutes at 72°C. Products were then visualized 131 on an 2% agarose gel. 20µl of the PCR amplicon was used for PCR clean-up using ExoI/SAP 132 reaction. In order to index the amplicons with a unique identifier sequence, the first PCR stage 133 was followed by an indexing 8-cycle PCR reaction to attach 10-bp error-correcting barcodes 134 unique to each sample to the pooled amplicons. These products were again visualized on a 2% 135 agarose gel and checked for band intensity and that amplicons are the correct size. PCR products 136 were purified and normalized using the Life Technologies SequalPrep Normalization kit and 137 Sequences were demulitplexed using a python script. Paired end reads were then merged using 144 fastq_merge pairs. Since merged reads often extended beyond the amplicon region of the 145 sequencing construct, we used fastx_clipper to trim primer and adaptor regions from both ends 146 (https://github.com/agordon/fastx_toolkit). Sequences lacking a primer region on both ends of 147 the merged reads were discarded. Sequences were quality trimmed to have a maximum expected 148 number of errors per read of less than 0.1 and only sequences with more than 3 identical 149 replicates were included in downstream analyses. BLASTN 2.2.30+ was run locally, with a 150 representative sequence for each OTU as the query and the current NCBI nt nucleotide and 151 taxonomy database as the reference. The tabular BLAST hit tables for each OTU representative 152 were then parsed so only hits with > 97% query coverage and identity were kept. 153
Sequences were clustered into OTUs at the ≥ 97% sequence similarity level and sequence 154 abundance counts for each OTU were determined using the usearch7 approach. The National 155
Center for Biotechnology Information (NCBI) genus names associated with each hit were used 156 to populate the OTU taxonomy assignment lists. Sequences that did not match over 90% of the 157 query length and did not have at least 85% identity were considered unclassified. Otherwise the 158 top BLASTn hit was used. 159 to the minimum number of reads for the sample set (4,212) and then regressed in a backwards 173 elimination stepwise regression with nutrient concentration data, distance along the river, and 174 secchi disk depth.
To compare 23S and 16S patterns, we restricted 16S data to the top 100 OTUs, representing 76% 176 of the total reads. Previously, the 16S region was sequenced for the two particle size fractions 177 independently (Henson et al. in review). Here, bacterial OTU abundance was averaged for the 178 two fractions for a given sample. Mantel tests (mantel function of the vegan package) assessed 179
Pearson correlations among assemblage similarity matrices, which were based on Euclidean 180 distances. A cophenetic correlation was assessed for the 23S and 16S distance matrices using the 181 the Gulf. In contrast, Cyclotella sp. WC03 (OTU 48) did not peak until ~1300 km from the Gulf 206 (17% of all reads) and the Skeletonema marinoi OTU continued to increase below the confluence 207 with the Missouri River, until it reached approximately 30% of the reads at the Gulf of Mexico. 208
There were no general trends in the abundance of phytoplankton groups with respect to distance 209 along the river when read abundance for the top 50 OTUs was aggregated by phylum ( Figure 3) . 210
The phytoplankton of Lake Itasca was the most unique set of OTUs and did not cluster with any 213 other samples ( Figure 4 ). The Lake Itasca assemblage was characterized by the abundance of 214 chrysophyte species similar to Ochromonas danica, dinoflagellates similar to Dinophysis fortii 215 and species similar to the yellow-green alga Trachydiscus minutus (Table 1) . Beyond Lake Itasca, 216 four other main clusters of sites were identified, which encompassed 57 of the remaining 61 217 samples. The first cluster contained 17 of the 27 samples taken upstream of the confluence with 218 the Missouri River (Figure 4 ). These samples were indicated by their abundances of taxa similar 219 in sequence to Thalassiosira rotula (P = 0.003; Table 1 ). The second cluster consisted of 8 220 samples in the Upper Mississippi that ranged along 300 km from Lake Pepin in Minnesota to 221 Dubuque, Iowa. These sites were indicated by their abundances of species similar in sequence to 222 the dinoflagellate Gymnodinium eucyaneum, the diatom Tenuicylindrus sp., the cryptomonad 223
Cryptochloris, and the diatom Melosira tropica (Table 1) 3-] increased with increasing abundances of species similar in 243 sequence to Skeletonema marinoi, Cyanobium sp. Navicula salinicola, Cyclotella sp. WC03, 244
Cryptomonas ovata, and Dinophysis fortii. Phytoplankton OTU richness increased downstream 245 (P < 0.01), but in the backwards elimination stepwise regression, phytoplankton OTU richness 246 (intercept = 16.42 ± 6.83; P = 0.02) increased with increasing secchi disk depth (0.295 ± 0.071 247 OTUs cm -1 ; P < 0.001) and with increasing [PO 4
3-] (0.328 ± 0.048 OTUs (µg L -1 ) -1 ; P < 0.001) 248 ( Figure 5 ). 249 and increased with increasing abundances of a Planctomycetes OTU (Table 3) in review). Theory aside, it will take much larger datasets to assess whether phytoplankton 327 diversity, in and of itself, is diagnostic for any environmental conditions. 328 Greater taxonomic resolution is likely possible with other primer pairs in conjunction with 23S, 329 but there is no evidence yet that this is necessary. That said, there are still areas where more 330 research is required before metabarcoding with 23S for phytoplankton assemblages can be 331 
